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Abstract:

Introduction/purpose: This paper aims to present military green technology
through present concepts, solutions and challenges, as well as through
future trends, particularly in wireless communication.

Methods: Analyses and syntheses were used to consider various aspects,
challenges and developments of military green technology.

Results: Important aspects of organization, challenges and strategies
in military green technologies are presented. Next, the role of a green
energy action plan is emphasized. Furthermore, green defence
solutions and security challenges are considered. Besides presenting
green technologies of today, primarily focused on wireless networks,
especially 5G, the paper also considers the impact of biofuels,
methanol-based fuel cells, hydrogen fuel cells, hybrid electrical
vehicles and photovoltaic energy. Finally, green technologies for the
future are presented through some of the most important technologies:
next generation wireless networks, pulse detonation engines,
piezoelectricity, and biodegradable platforms.

Conclusion: Military green technology is now necessary for approaching
wireless networking in order to meet challenges of high demands of
wireless traffic and energy consumption. Also, military green technology
will require further constant considerations in the field of efficiency and
sustainability of application as well as research to provide different
acceptable solutions, not only in technical, but also in the organizational
domain, in order to be applied in military environment.

Key words: wireless networks, methanol-based fuel cells, hydrogen
fuel cells, photovoltaic energy, pulse detonation engines,
biodegradable platform.
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Introduction

Military green technology evolution has a large impact not only on
the development of active research in wireless communications, but also
on industry applications. Some examples are network technologies and
energy efficiency algorithms as well as protocols, service quality
provisioning, etc. All these issues require interdisciplinary fields such as
various networks, power systems, and devices. In wireless systems i.e.
mobile users or service providers, energy efficiency (EE) and networking
are of huge importance. A range of main wireless technologies are part
of new networks such as device-to-device communication, spectrum
sharing, Internet of things, ultra-dense networks, etc. As for military green
technology, the main characteristics consist of offering a system solving
the following operational challenges:

- High impact deployment cost,

- High expenses involved in buying, installing and maintenance,

- Reducing toxic emissions, and

- Low power generation rates compared to fuel.

Military green communication systems are designed to be focused
on increasing spectrum efficiency (SE). In order to compare SE
transmission, technologies such as orthogonal-frequency division
multiplexing (OFDM), multiple-input multiple-output (MIMO) as well as
non-orthogonal multiple—access (NOMA) are used.

For military organizations, it is necessary to take into account the
development of green network solutions and to implement them. It
means that it will be of importance to explain how different solutions are
in accordance with military operations in order to improve capability.
There are many examples showing how characteristics such as interests
of organization, technological innovations as well as political reasons
influence the development and implementation of green network
technology and policy. This offers many possibilities and motivation that
are necessary from the point of view of political and military personnel
responsible for decision making.

Organization, challenges and strategies in military
green technologies
Starting from the early 1950s, armament and military equipment

have grown exponentially in quantity, becoming more sophisticated and
more costly to operate. Demands on power consumption for military
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needs have increased because military equipment today consists of
multiple communication radios and corresponding components
connected to various conditioning systems. Higher energy consumption
results in increased operating costs as well as support costs. Exposed
energy supply lines and fuel convoys were demonstrated to be easy
targets for enemy attacks.

The content and formats of green strategies show how different
political, military, technological and organizational aspects affect the
development of such strategies. While strategies developed by some
world countries concentrate on a limited number of operational
challenges and requirements, there are more general strategies which
encompass different goals, tasks, organizations as well as legacy
equipment. These differences mean that world countries must define
their own green strategies. Green strategies should be connected
vertically through different government agencies from higher levels. State
agencies, ministries of defence and military services above all, should
develop green strategies that are connected with green strategies of high
level state authorities.

A lot of different countries have been dealing with and developing
green strategies in recent years and, as a result, defence should be
clearly included in them. This was a solid base for the beginning of the
development and implementation of new green strategies and
technologies. With the deployment of Fourth Generation (4G) systems all
over the world, energy consumption is growing daily, increasing
ecological impacts, likelihood of bigger climate change, health concerns
for the user, etc. In this context, Fifth Generation (5G) systems are
viewed as the key network technology that will meet the challenge and
allow the realization of a highly-connected society where billions of users,
via their respective devices (wearables, smart phones, connected cars,
laptops, etc.) and machines such as IoT devices, drones, etc. will be able
to exchange data and other services at higher QoS levels. The fact that
5G architecture focuses on developing new green technology, cell
deployment strategies and resource allocation in order to improve energy
efficiency makes people more motivated to acknowledge its recent
results worldwide.

In order to improve EE, 5G architecture focuses on developing new
greener technology. Increasing SE is one of the most important ideas in
green communication systems design. Military green energy services
vary in capacity and are highly dependent on the location and the
weather which make it a key challenging task in the deployment and
management of wireless communication networks. The fundamental
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design criterion in developing military green wireless communication
networks would be shifted from energy efficiency to energy consumption
and sustainability due to the nature of green technology. As for green
networking, it helps to define the overall research climate.

Green Action Plan

With the Green Action Plan (2021-2025), military defence systems of
each country have to trace a leading role in the green transition towards
a sustainable future, a more climate-friendly approach and a greater
responsibility for climate technology development (Danish Ministry of
Defence, 2021). The Action Plan has to be uploaded and adjusted
annually as new and better ways are being invented to fulfill green
ambitions. Green transition must not compromise the ability to conduct
operations. It should support and not block it. Therefore, the Action Plan
does not outline any goals that could compromise operational
effectiveness. It is possible to apply initiatives that will have the greatest
possible effect on green transition in the areas such as nature, use of
energy, air pollution, soil and groundwater, sewage and surface water,
resource production, noise and vibrations.

Green defence

Green defence deals with the development and implementation of
ecological processes which are undertaken by military in order to
increase energy efficiency and mitigate negative influence on the
environment without negatively influencing operability. A survey of the
countries interested in green defence measures reveals that the issue of
energy efficiency exists at several levels, such as: economic, operational
and strategic. As a logistical effect on operating equipment, operating
costs have consistently grown for platforms across the world (Burg &
Scharre, 2015).

The risk of attacks on fuel convoys has forced armed forces to
provide alternative sources for supply routes and thus mitigate risks for
personnel. Also, when electricity grids are vulnerable to terror attacks
and different catastrophies, alternative energy sources are in a position
to mitigate the rise of going off the grid. From a strategic point of view,
reliance on oil and gas leads to the autonomy of a state. As climate
changes exist, public perception acts as a strong force to support
engagement in military environment.

The green defence concept, together with the four main security
challenges, is shown in Figure 1.
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Figure 1 — Green defence concept and security challenges
Puc. 1 — KoHuenuusi «3eneHoll 060poHbI» u npobnems! 6e3onacHocmu
Cnuka 1 — KoHuyenm 3eneHe o0bpaHe u 6e36e0HOCHU u3a308u

These are: climate change, energy security, military operations and
defence expenditures. As for green defence, it includes different actions
and domains such as: operations, logistics, engineering and defence
planning. Energy resources are the most important for national security
while a continuous supply of such resources always has been a key
priority.

Green defence solutions

In order to identify relevant and important items to make difference
between security challenges, it will be of fundamental importance to
separate how a solution is connected to a given challenge. Different
solutions are significant for dealing with efficiency and effectiveness.
Green defence is relevant at many different levels, but also difficult to
operationalize and access. Characteristic examples of green defence
solutions are distributed into two groups: green technologies and green
strategies. They both demonstrate the way how green solutions are
developed and after that invoked to be adapted not only to military
organization, but also to technological needs. Many countries developed
green strategies connected to environmental and climate challenges.
Green strategies appropriate for defence offer something new. However,
many countries are paving the way to developing appropriate green
strategies for their armed forces. Energy efficiency serves as a unique
force multiplier, increasing much more the range of endurance of forces
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in the field while evidently reducing the number of combat forces
protecting energy supply and at the same time reducing long-term energy
costs. Green solutions and general security can be connected,
presenting at the same time a huge interest for common green public
policy challenges. A network-zero military installation is about to address
the security challenges of three main topics: climate change, energy
security and optional fuel consumption. Also, in that way a network-zero
installation could be an appropriate solution to all challenges, involving
greenhouse gas elimination, reducing the need for supply with foreign
fuel and finally improving operational fuel efficiency. It can be analytically
difficult to describe the link between green military solutions and various
security challenges. An analytical challenge is important to emphasize
and should be addressed in future green policy initiatives. The relevance,
impact and cost-effectiveness of different solutions are difficult to access
as the links between solutions and challenges are not analyzed and
described comprehensively. The link can be described either qualitatively
or quantitatively, or both, but should be addressed clearly. This is
particularly important in the development and selection of green solutions
since many security challenges will be of cross-cutting nature involving
multiple areas, organizations and policies. It is of special interest to the
users that green military technologies and strategies can address
multiple security challenges simultaneously.

Green defence and security challenges

It is well known that the number of green technologies that
potentially could be used by military organizations is of huge significance.
This is the main reason why it is necessary to provide developing a more
compenhensive mapping of available technologies. Next, it is
recommended to analyze and describe how a green solution is limited to
a security challenge before deciding on a specific set of green solutions.
Finally, through developing green strategies, it is necessary to know how
green technologies and strategies are coordinated. The connections
between green defence solutions and security challenges are
straightforward, when describing them explicitly. In that way, in order to
compare the described solutions, policy makers are enabled to select at
the same time efficient and effective solutions aimed at the most
significant challenges. Table 1 connects the green defence concept
which consists of four security challenges: military operations, defence
expenditure, energy security and climate changes. In order for a green
solution to work, it will be of importance to change behavior along with
the introduction of new green technology. However, changing
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organizational and individual behavior is a challenge: not just in military
organizations, but in organizations in general. Organizations and
individuals are said to resist change due to inertia, costs, resources, and
threats to the power base, values and benefits and mobility to perceive
alternatives.

It is important to address these challenges by providing specific
green solutions, i.e. by understanding how a number of aspects such as
organizational interests, technological developments, and political goals
influence the development and use of green technologies and strategies.
This creates a number of possibilities and challenges that need to be
taken into consideration primarily by military decision makers.

Table 1 — Green defence concept with security challenges and general and specific
solutions

Tabnuua 1 — Koruenuusi «3eneHol 060poHbl», Npobnems! 6e3onacHocmu, obwue u
crieyughuyeckue peuweHus

Tabena 1 — KoHuenm 3eneHe odbpaHe ca 6e36e0HOCHUM u3a3osuma, onumum u
crneyuuyHUM peweruma

Concept Security General solutions Specific
challenges solutions
Military organization | Reduced energy New green
demand technologies
- More efficient
Defence combustion
expenditure engines
- Solar panels
Green defence Inverse and
Energy security diversity energy
supply
Green strategies and
Climate changes Adjust force management
structure and systems
defence planning - Green strategy for
defence
- Key Performance
Parameters

The concept of green defence shows promise with regard to energy
security. Diversification in energy sources and reduced consumption of
energy will be significant elements in addressing a policy response to
future energy challenges. This fact indicates that military forces will be
more resilient in the case when they have developed and implemented
variable green solutions.
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Green technology for today

Green communications are one of the major attributes of 5G
systems. Unlike traditional energy services, green energy services vary
in capacity and are highly dependent on the location and the weather
which makes it a key challenging task in the deployment and
management of wireless communication networks. The fundamental
design criterion in developing green wireless communication networks
would be shifted from energy efficiency to energy consumption and
sustainability due to the nature of green technology. Green
communication systems design is focused on increasing spectrum
efficiency (SE). Green networking not only led to significant results in the
past (orthogonal-frequency division multiplexing OFDM, multiple-input
multiple-output MIMO, non-orthogonal multiple access NOMA), but also
helped defining the overall research climate. The increase in power
consumption and carbon footprint of cellular networks has led to various
proposals for green mobile networks solutions from telecom providers,
governments and researchers. Different types of electrical military
vehicles are joining power grids including renewable resources, energy
storage, etc. These elements are distributed at different levels and areas
of power grids and have influence on huge-scale energy management in
practice. To meet the challenges raised by high demands of wireless
traffic and energy consumption, green evolution has become a need for
today wireless networks; as energy saving and environmental prediction
become not only necessary demands, but also trends, researchers and
engineers have moved their interest to energy efficient-oriented design,
green radio (GR). This was a research direction for the evolution of future
military wireless devices and architectures, toward high energy efficiency
(EE). The most common approach is to define it as the ratio between the
military system throughput and the power consumption. As for GR, it has
targeted solutions based on joint energy and communication cooperation.
Energy compaction is a cost saving approach on the supply side. At first,
the major application scenarios for 5G mobile networks bring the
characteristics which include that scenarios such as enhanced mobile
broadband (eMBB) ultra-reliable and low-latency communication
(URLLC), and massive machine type communication (mMTC) have to be
taken into account. Secondly, mobile terminals have to be supported
together with energy efficient solutions. Also, network nodes such as
MIMO and ultra-dense networks (UDNSs) introduce new design
challenges when speaking about EE military schemes. In this
environment, the green radio plays a significant role in green wireless
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system design. There are several fundamental frameworks for military
GR research such as: deployment efficiency — energy efficiency,
spectrum efficiency — energy efficiency, bandwidth-power trade off and
delay-power trade off. In the last decade, the research activity has moved
to the EE study of military access radio network (RAN) side (Miao et al,
2010, pp.545-554). The goal was to jointly reduce the power
consumption and improve spectral efficiency (SE) at the same time, in
order to maximize the EE of wireless networks. If military circuit power
consumption is considered, SE and EE cannot be improved
simultaneously.

While their operational advantages are important for determining
what future green militaries will look like, their few technology levels
provide minimal information on their cost-effectiveness.

Biofuels

Biofuels are one kind of fuels which originate from organic matters.
They are receiving significant attention for their characteristic to replace
petroleum—derived fuels. Different forms of particulate organic matters
are used for biofuels in defence applications, especially to meet specific
supersonic flight requirements.

For lower carbon emission, it is possible for synthetic kerosene to be
blended with petroleum fuels (Lamprecht, 2007, pp.1448-1453). It should
be noted that synthetic fuels are expensive to produce as well as
maintain. Also, synthetic fuels are time-consuming to produce in large
guantities, which is a limiting factor. Next, application of synthetic fuels in
armed forces is much more limited than that of other types of biomass
alternatives. On the other hand, next generation biofuels are accepted as
the most promising ones for their high efficiency levels — but they are not
a viable final solution. Further research and development is needed to
modify the composition of biomasses to make them more efficient and
cleaner.

Fuel cells based on methanol

Special kinds of fuel cells which convert "energy of chemical
reactions into electrical energy without combustion with virtually any
pollution” are used to generate as well as store energy (Crull, 2006). The
important advantages of methanol-based fuel cells are as follows:
adaptability with other equipment, ability of direct and reformed
methanol-based fuel cells to blend with gasoline, combat kits weight
reduction up to 80%, increased mobility of military forces based on a
power supply solution, applicability in a range of electrical and electronic
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devices as well as different platforms with UAVs and submarine
propulsion systems, low accoustic, vision and thermal systems. On the
other hand, the most important disadvantages are: increasing prices and
higher toxicity as well as lower density than other alternative fuels such
as ethanol.

Hydrogen fuel cells

Hydrogen energy is another alternative source that armed forces
have considered for cutting electrical energy costs and for reducing
carbon emission. Similarly to methanol-based fuel cells, it is an
alternative for military uses. The density of hydrogen makes it more
usable in comparison to other types of fuel cells. Hydrogen as an energy
carrier is expensive to generate, store as well as transport. Production of
hydrogen energy requires more fossil fuels. The need to use fossil fuels
for hydrogen energy production seriously puts into question its status as
an alternative energy source. Nevertheless, armed forces' interest in it
continues for almost two decades.

Hybrid electrical vehicle

Hydrogen fuel cells tehnology improvement offers hybrid electric
drive (HED) for vehicles that include battery—powered engines together
with case gasoline engines to charge battery. Compared to standard two
speed gas engines, the advantage of HED vehicles is that they use less
electrical energy when operating at low speeds. Today, the fact is that
vehicles powered by single engines are recognized to be more efficient
than HED vehicles. However, armed forces have acceptable experience
with HED, especilally when largely depending on three important
categories: domain, speed and acceleration. It should be noted that
efficiency gains are twice as high for HED not only on the land, but in
aerial domains, as well.

Photovoltaic energy

Today, photovoltaic energy represents solar fuel cells suitable for
armed forces and aiming at primarily reducing energy consumption. The
advantages of photovoltaic energy are: reduced power demand in basic
areas, proven appropriateness for unmanned vehicles, up to 90% in fuel
use reduction, and market forces significantly cutting costs. On the other
hand, the disadvantage of photovoltaic energy is minimal mission
flexibility dependant on weather influences, especially cloudiness, while
the space—based solar alternative is not suitable because it is expensive.
Also, results achieved in desert conditions can be beneficial but are not
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generally applicable in all types of the environment. It should be added
that photovoltaic security risks jeopardize military frequencies
communications and surveillance technologies.

Green technology for the future

In the last years, the research activity has moved to the energy
efficiency (EE) study of the radio access network (RAN) side. The goal
was to jointly reduce power consumption and improve spectral efficiency
(SE) at the same time, in order to maximize the EE of wireless networks.
If circuit power consumption is considered, SE and EE cannot be
improved simultaneously. In order to improve the bandwidth efficiency,
the Shannon channel capacity theory is often implemented to develop
signal-input signal—output (SISO) systems together with multiple antenna
MIMO systems. From Shannon’s mathematical theory of communication
(Shannon, 1948, pp.623-656), the maximum achievable rate of
transmission, i.e. the capacity C of a channel of the band W, scales
logarithmically with the received signal-to—noise ratio (S/N), i.e.
C=WIlog(1+S/N).

Taking into account that a sustainable future wireless network must
be not only spectrum efficient, EE and SE become an important step in
5G research. Cellular systems have many opportunities to become
greener from the equipment point of view, for example through operating
in line with traffic version in time and space. When the total power is
considered, there is a green point on the EE — SE curve where the
maximum energy efficiency is achieved. When the circuit power is
considered, there is a green point on the EE- SE curve where the
maximum energy efficiency can be considered; there is also a green
point on the EE — SE curve where the maximum energy efficiency can be
achieved. For example, EE and SE improvement of 5G and 4G is
achieved owing to the introduction of more antennas. If more antennas
are introduced in order to increase both EE and SE, the total power
consumption will increase, too. On the other hand, the increase of total
power cannot be well controlled. The fact that 5G is capable of
supporting versions of wireless services in diverse scenarios and could
offer universal connectivity for individual consumers as well as vertical
industries opens the door to huge opportunities for a greener society and
life style. 5G could help to reduce traffic congestion in urban areas via
intelligent vehicle scheduling. This leads to significant energy saving.

Three technologies most important for tomorrow are: pulse
detonation engines, piezoelectricity and biodegradable platforms.
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Pulse detonation engines

In order to produce thrust, pulse detonation engines use near—
constant volume combustion and constant pressure. Besides being able
to compress quickly and add heat constantly, pulse detonation engines
can achieve a higher thermodynamic efficiency as well as replace
moving parts in engines which are in operation today. Investigations in
the area of pulse detonation engines currently focus on involving
turbojets and cruise missile systems together with UAV applications
(Bojkovic et al, 2020, pp.3-29; Johnson, 2010).

Piezoelectric effect

Piezoelectricity is the process of generating electricity from motion.
Today, in the military domain, it is very important to solve how to obtain
electric energy from mechanical energy generated by different war
platforms, for example warfighters and land vehicles (Dillow, 2009). In
the future, piezoelectricity can be used to power electrical devices and
provide operational advantages similar to those of methanol-based fuel
cells.

Biodegradable platform

The Defence Advanced Research Projects Agency (DARPA) is
researching biodegradable platforms with a focus on synthetic biology.
DARPA’s Inbound, Controlled, Air — Releasable, Unrecoverable Systems
(ICARUS) program was started in 2015 (DARPA, 2015). One example of
biodegradable platforms presents how such material would be used in
aerial delivery vehicles that, having completed their tasks, disappear into
thin air without polluting the environment and without having to return to
their original launch sites (DARPA, 2017). Similar to other futuristic
technologies, there are few signals about the eventual cost—effectiveness
of such materials based on the early research and technology stages.

Conclusion

Military green technology is now a needed wireless networking
approach to meet challenges posed by high demands of wireless traffic
and energy consumption. Green communications represent a trend in the
academic and industrial networking and an important research path for
developing future mobile architecture and for innovations to achieve high
EE. Also, it is highly possible that SE performance will increase in future
6G communications, which means that military green energy efficiency
will be further enhanced with boosted power consumption. When
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wireless military communication industry follows this trend, the
associated carbon emissions will increase to an acceptable level. That is
the main reason why it is important for the industry to break the energy—
efficiency trade—off and improve energy-efficiency performance while
maintaining high spectrum efficiency.

Green solutions have previously been connected, particularly in
U.S., in order to bring military operational effectiveness. Large amounts
of fuel are necessary to operate advanced military technologies. The
framework combines the operational challenges together with security
challenges, such as defence expenditures, energy security, and global
climate change. There are many specific green military initiatives to
describe the way how green technologies can be implemented, while at
the same time how behavioral change can be achieved. A particular
focus is on how green strategies have been formulated in order to
recognize objectives, challenges and green solutions and how important
elements are connected in strategies. The structure of green technology
and green strategies reflects considerable potential of green solutions.
They show military potentials, possibilities and challenges related to the
use of green technologies and strategies. It is also visible that the interest
in reducing costs of green defence stems from a desire to mitigate
operational risks, such as attacks on fuel convoys, which sometimes
increase energy independence. Green technologies can affect the
operational and organizational elements of forces of the future. The
operational advantages offered by green technologies can be
summarized in categories that will help to define the future battlefield.
First are portable technologies on soldiers including wearable solar cells
and methanol fuel cells to reduce the weight and increase the power
duration of equipment used in military missions. Next is the ability to
generate, distribute and store power more efficiency and with signatures,
as it is relevant for forward operating bases. Similarly to portable
technologies, distributed power allows disaggregated units to operate for
longer in the field. Lastly, alternative energy sources could become a
force multiplier for unmanned systems with some prospective green
technologies offering almost all extending flight times.

Smaller platforms with more dual-use components, including
unmanned vehicles, are available under the condition to be used by a
great number of users. With distributed power systems, it can be difficult
for fighters or terrorists to target centralized systems which have impact
on wider forces or population. Further, green technology has the
tendency to treat alternative energy sources as valuable substitute goods
which can be used for a system as one—to—one replacement for fossil
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fuels. Unfortunately, the comparison of biofuel to petroleum prices fails
to take into account the cost of different equipment such as batteries and
rechargeable systems that fuel cells could render redundant. When
prevously applied to the military area, the operational advantages should
be visible even in situations when fuel cells are unexpectedly more
expensive than batteries and chargers. Economic perpectives on green
defence technologies are promising for smaller armed forces such as
militaries which can use the benefits of commercial technologies when
prices are driven down. For example, increased demand for solar
systems has made more producers be interested in supplying them to
the market and this development in turn has forced prices down. Given
technologies look suitable for operational and environmental
considerations. They can find appropriateness in armed forces of
different sizes.

Nowadays, military green technology represents one of important
technologies for armed forces (including the Serbian armed forces)
through research and implementation of different kinds of solutions. Also,
it has a significant role in future action plans in order to achieve a higher
degree of energy efficiency and to be suitable for implementation in a
variety of different equipement applied on the battlefield with acceptable
cost of operation.
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YnpaBneHve TeneKOMMYHUKaLUMN 1 MHPOPMAaLMOHHBIX TexHonorun (J-6),
r. benrpag, Pecnybnuka Cepbusi, koppecnoHaeHT

6 Benrpapackuit yameepcuTeT, Benrpag, Pecny6nvka Cep6us

PYBPUKA TPHTU: 49.33.29 CeTu cBsian
BWO CTATbW: 063opHas ctatbs

Pesome:

Beederue/yernb: B daHHOU crmambe npedcmassieHa KOHUenyusi 80€HHOU
3er1eHol MexHOMoauU C akUeHmoM Ha Cyuecmsyruue 8bi308bl, 3adaqu
U pelweHusi, a makxe Ha meHOeHyuu e 6ydyuwem. Ocoboe eHUMaHUEe
yOernsgemcsi 80eHHoU 3ereHol mexHonoauu 8 obrnacmu 6ecripo8odHOL
cesi3u.

Memodei: Tlpu paccmMompeHuu pasfu4YHbIX acrekmos, npobnemM u
pa3pabomoK 80EHHbIX 3€/1eHbIX MEXHO/102Ull UCMOMb308arnuch aHanu3 u
CcuHme3.

Pesynbmambi: B cmambe npedcmaeneHbl 8aHble  acrieKmal
opeaHu3auyuu, npobremMs! U crmpameauu 80EHHbIX 3€/1eHbIX MeXHOoIo2ull.
Tarke rodyepkueaemcsi ponb raHa Oelicmeuli o 80306HoernssemMol

150



https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=26
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6731005
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6731005

aHepauu. [Momumo moeo, paccmampuearomcsi 80rpPockl 0BOPOHbI C
3KO/I02UYECKOU MOYKU 3PEeHUsi, a makxe 6bl308bl 6 obmacmu
b6esonacHocmu. B mom 4ucrne onucaHO COCMOSIHUE  3€N1eHbIX
mexHoroauli Ha ce200HAWHUU OeHb, Komopbkle 8 repsyto ouyepedb
opueHmuposaHbl Ha becripoeodHble cemu, ocobeHHO 5G, a makxe
so3delicmeue buomoriniuea, MEMaHosIbHbIX U 8000POOHbIX MOMIUBHbIX
anemMeHmos, aubpudHbIX arekmpomoburnel u Gomoanekmpuyeckol
SHepeuu. B 3akmuyeHuu npedcmasrieHa 83auMOC8siCb  3esIeHbIX
mexHornoauli 6ydyuie2o ¢ Haubosiee 8aXXHbIMU MEXHOI02USIMU, MaKuMmu
Kak: 6ecripoeoOHble cemu credyrolwea0o MOKOMeHUs, UMITY/bCHbIE
AemoHauUOHHbIe deuzamernu, MbEe303MIeKMpUYecmeo u
buopasnazaemasi nnamagopma.

Bbig0odbi: BoeHHble 3erieHbie MmexHO/I02uU 8 Hacmosiuee 6peMs
[ensomesi 2nasHbIiM hakmopoMm 8 peuwieHuu rnpobrieM, cesi3aHHbIX C
8bICOKUMU mpebosaHusiMU K 6ecripogoldHbIM cemsiM, mpacguky U
aHepeaorompebneHuto. OOHaKo 80eHHas 3e/leHasl mexHosioeusi mpebyem
MOCMOSIHHO20 U3Y4YEeHUsT eorpoca aghghekmusHocmu U ycmodldusocmu
MPUMEHEHUS], @ makKXXe rnoucka PasfuyHbIX MpueMeMbix peweHul He
MOJSIbKO 8 MEXHUYECKOM, HO U 8 OpaaHU3aUUOHHOM rfiaHe 8 UerisiX
yCrewHo20 npUMeHeHUsI 8 80eHHOU cpede.

Knirouesbie criosa: 6ecripo8odHbie cemu, MemaHosIbHbIe U 8000P00OHbIE
MmonueHbIe 31eMEHMbI, (hOMOIIeKmMpUYECKasi dHepauUsi, UMITYSIbCHbIE
OemoHayuoHHble dsueamernu, 6uopassnazaemasi niamgpopma.

BojHa 3eneHa TexHonoruja: cagawHocT u 6ygyhHocT

3opaH M. Munuyesuh?, 3opan C. Bojkosuh®

a2Bojcka Cpbuje, NeHepanwTab, YnpaBa 3a TenekoMyHukauuje u
nHcopmaTuky (J-6), Beorpag, Penybnvka Cpbuja, ayTop 3a npenucky

6 YuusepauteT y beorpaay, Beorpan, Peny6nuka Cp6uja

OBJACT: TenekomMyHukauuje
KATETOPWJA (TWIM) YWNAHKA: nperneaHu pag

Caxemak:

Yeod/yure: Osaj pad Hacmoju Oa rpukaxe 80jHy 3erieHy mexHoroaujy
Kpo3 calawH-e KOHUernme, pelera U uU3a3o8e, Kao U Kpo3 b6ydyhe
mpeHdose, NocebHo y 6eXXUYHOj KOMyHUKaUuju.

Memode: Awnanusze u cuHme3de cy kKopuwheHe 3a pasmamparbe
pasnu4dumux acriekama, usa3oea U pa3goja 80jHe 3esieHe mexHorsiozuje.

Pesynmamu: [lpuka3aHu Cy 8a)kHU acrekmu opaaHu3auuje, u3a3osu U
cmpameauje y 60JHUM 3e/eHUM mexHornoaujama, a HazrnaweHa je u
yrnoea 3efieHO2 aKyuoHoe rlaHa 3a eHepaujy. C Opyee cmpaHe,
pasmampajy ce 3eneHa o0bpambeHa pewerba u 6e36edHOCHU U3a308U.
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Takohe, y pady cy npedcmasrbeHe 0aHallH-€ 3e5leHe mexHoriozuje Koje
Cy MPBEHCMBEHO yCMEPEHe Ha bexudHe Mpexe, nocebHo 5. CaznedaH
je u ymuuaj 6uoesopuea, eopusux henuja Ha 6a3u MemaHona,
B8000HUYHUX 20pusHUX henuja, XxubpudHoz eflekKmpu4yHo2 eosuna u
omoHaroHcke — eHepeuje. 3eneHe  mexHonoeuje  6ydyhHocmu
npedcmassbeHe Cy KpO3 Heke 00 HajeaxkHUjux mexHosoauja: b6exuyHe
Mpexe crnedehe eeHepauuje, ummnyrcHe OemoHaUyuoHe MauluHe,
nuesoenekmpu4yHocm u buopaszpadusy rnamgopmy.

Sakrbyyak: BojHa 3eneHa mexHoroauja OaHac ripedcmasrba HeornxodaH
npucmyn 6eXUYHOM yMpexasary Kako bu ce 002080puro Ha usa3oee
8UCOKUX 3axmeea bOexuyHoe caobpahaja u nompowre eHepauje.
Takohe, sojHa 3esieHa mexHosoauja 3axmeeahe u cmarsHa pa3mamparba
y obmacmu ecpukacHocmu U OOpXueocmu MPUMEHe, Kao U
ucmpausarbe U NpoHanaxere pa3nudumux rnpuxeamsbusux pewier-a,
He camMo y mexHU4YKoM, eeh u y opaaHu3auuoHoM OOMeHY, Kako bu ce
fpuMeHusa y 80jHOM OKPYXXetby.

KrbyuHe pedu: bexuyHe mpexe, eopusHe henuje Ha ba3u memaHorna,
8000HUY4YHe 2opusHe henuje, ¢homoHarnoHcka eHepeauja, UMIMYICHU
demoHayuoHu momopu, buopa3sepadusa niamegopma.
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